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NOMENCLATURE 


d  =  manifold  diameter 
f  =  friction  coefficient 
l  =  manifold  length  between  orifices 
q  =  flow  rate  from  orifice 
yi0  =  orifice  area 
cD  =  discharge  coefficient 
K  =  manifold  flow  coefficient 
Qj  =  flow  rate  approaching  orifice  location 
Vi  =  fluid  velocity  approaching  orifice  location 
A p  =  change  in  pressure 
AP0  -  pressure  differential  across  orifice 
p  =  mass  density 
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I.  DESCRIPTION  OF  THE  SYSTEM 


The  air  bubbler  system  designed  for  the  140- foot  WYTM 
consists  of  four  manifolds,  an  air  compressor  driven  by  a  diesel 
engine,  and  the  necessary  piping  and  valves. 

The  two  forward  or  bow  manifolds  consist  of  two  6"  x  4" 
rectangular  tubes  which  are  located  on  the  center  line  below  the 
molded  keel  line  from  the  forefoot  at  about  Frame  9  to  Bulkhead  32. 
Six  orifices  are  located  in  the  outboard  side  of  each  tube.  The 
location  and  the  size  of  each  orifice  is  listed  in  Table  I. 

The  two  aft  manifolds  consist  of  two  air  ducts  located 
within  the  hull,  outboard  of  the  9'  Buttock,  and  extending  from 
Bulkhead  32  to  Bulkhead  61.  The  width  of  the  duct  is  8  inches  and 
the  height  of  the  inboard  side  is  approximately  8  inches.  The  hull 
plating  forms  the  bottom  of  the  duct.  The  dimensions  of  the  in¬ 
board  and  outboard  sides  of  the  duct  vary  with  the  slope  of  the 
hull.  These  manifolds  each  have  eight  orifices  through  the  hull 
plating;  the  location  and  size  of  each  orifice  is  listed  in 
Table  II. 

The  spacing  of  the  orifices  in  the  manifolds  described 
above  is  6  feet.  An  alternate  design  with  orifices  located  every 
4-1/2  feet  was  also  prepared.  The  number,  size,  and  location  of 
the  orifices  for  these  alternate  manifolds  are  listed  in  Tables  A-l 
and  A-2  of  Appendix  A. 

The  air  for  the  bubbler  system  is  supplied  by  an  air 
compressor  with  a  capacity  of  7500  SCFM  at  9  psig.  The  compressor 
will  be  driven  by  a  diesel  engine  rated  at  350  HP.  The  diesel- 
compressor  will  be  located  in  a  van  on  the  main  deck  above  the 
motor  room. 

The  piping  system  consists  of  a  12"  main  which  divides  in 
the  engineroom  into  two  10"  mains.  The  branches  to  each  manifold 
are  8"  pipe.  A  schematic  of  the  piping  system  is  shown  in  Figure  1 

In  each  branch,  a  straight  run  has  been  provided  with 
fittings  for  a  flowmeter,  pressure  gage,  and  thermometer.  These 
will  be  utilized  for  installing  instruments  for  testing  the  effec¬ 
tiveness  of  the  bubbler  system. 


The  design  of  the  system  provides  four  modes  of  operation: 

1.  all  four  manifolds 

2.  two  bow  manifolds  only 

3.  two  starboard  side  manifolds  only 

4.  two  port  side  manifolds  only. 

Motor  operated  butterfly  valves  are  located  at  each  manifold  to 
permit  changing  the  mode  of  operation. 

The  first  mode  is  the  normal  mode  for  operations  in  ice. 

The  second  mode  allows  all  of  the  air  to  be  supplied  to  the  bow 
manifolds  if  this  should  prove  to  be  more  effective.  The  third 
and  fourth  modes  are  for  maneuvering  in  restricted  waters,  providing 
the  capability  of  moving  the  bow  to  the  right  or  left.  The  charac¬ 
teristics  of  the  system  for  each  mode  of  operation  are  explained  in 
the  following  section. 


TABLE  I 


FORWARD  MANIFOLDS,  PORT  AND  STARBOARD 
6-FOOT  ORIFICE  SPACING 


Ori f i ce 

No. 

Location 
(Frame  No. ) 

Diameter 

(inches) 

1 

10  -  11 

1.875 

2 

14  -  15 

1.875 

3 

18  -  19 

2.000 

4 

22  -  23 

2.000 

5 

26  -  27 

2.125 

6 

30  -  31 

2.125 

SUPPLY  AT  AFT  END  OF  MANIFOLD. 

TABLE  II. 

AFT  MANIFOLDS,  PORT  AND  STARBOARD 

Orifice 

6-FOOT  ORIFICE  SPACING 

Location 

Diameter 

No. 

(Frame  No.) 

(inches) 

1 

32  -  33 

1.438 

2 

36  -  37 

1.562 

3 

40  -  41 

1.562 

4 

44  -  45 

1.562 

5 

48  -  49 

1.562 

6 

52  -  53 

1.562 

7 

56  -  57 

1.562 

8 

60  -  61 

1.438 

SUPPLY  BETWEEN  ORIFICES  NO.  4  AND  5. 
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II.  OPERATING  CHARACTERISTICS 


The  characteristics  of  the  air  bubbler  system  for  each  mode 
of  operation  are  summarized  in  Table  III.  The  air  flow  and  pressure 
at  the  compressor  are  determined  by  the  characteristics  of  the 
compressor,  the  piping  system,  and  the  manifolds. 

Typical  compressor  characteristics  are  shown  in  Figures  2 
and  3.  Air  flow  versus  discharge  pressure  is  shown  in  Figure  2, 
and  power  versus  discharge  pressure  is  shown  in  Figure  3.  The 
operating  pressure  of  the  system  is  limited  by  the  power  of  the 
diesel  engine. 

The  air  flow  through  each  orifice  is  a  function  of  the 
pressure  in  the  manifold,  the  hydrostatic  pressure  outside  the 
manifold,  and  the  diameter  of  the  orifice.  Calculations  have  been 
performed  to  determine  the  air  flow  characteristic  versus  manifold 
pressure,  and  the  results  are  presented  in  graphical  form  in 
Figures  4,  5,  6,  7,  and  8.  A  computer  program  v/as  used  to  perform 
the  calculation,  and  the  printout  is  included  in  Appendix  B. 

The  pressure  drop  in  the  piping  system  has  been  calculated 
for  each  mode  of  operation  and  is  tabulated  in  Table  III. 

In  modes  3  and  4,  the  total  air  flow  cannot  be  supplied  to 
the  manifolds  on  one  side  of  the  ship  without  exceeding  the  9  psig 
pressure  limit  imposed  by  the  torque  limit  of  the  diesel  engine. 

It  is,  therefore,  necessary  to  provide  a  blow-off  of  750  SCFIi  through 
a  special  valve  in  order  to  keep  the  pressure  at  9  psig. 

The  characteristics  of  the  alternate  manifolds  with  4-1/2- 
foot  spacing  are  almost  identical.  Graphs  of  the  characteristics 
are  included  in  Appendix  A,  and  the  supporting  calculations  are 
included  in  Appendix  B. 
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III.  DESIGN  HISTORY 


System  Capacity 

The  only  published  data  of  operating  experience  with  air 
bubbler  systems  has  been  from  two  experimental  programs.  The 
first  was  the  U.S.  Coast  Guard  testing  program  with  the  USCGC  SUNDEW 
and  the  second  was  the  MARAD  testing  program  with  the  SS  LEON  FRASER 
(Reference  1).  Neither  program  resulted  in  a  specific  criterion 
for  establishing  the  caDacity  of  a  svst.em:  however,  engineering 
judgement  has  led  to  a  rule-of- thumb  which  sets  the  minimum  capacity 
as  one  SCFS  per  foot  of  ship  covered  by  the  manifolds.  The  manifolds 
on  the  WYTM  will  extend  for  about  80  feet  of  the  length  of  the  ship. 
Using  this  rule-of-thumb,  the  minimum  capacity  would  be  approximately 
5000  SCFM. 

Other  factors  which  must  be  considered  are  the  operating 
pressure  of  the  system,  the  capacity  of  air  compressors  available, 
and  the  ratings  of  diesel  engines  which  are  candidates  as  prime 
movers.  Taking  these  factors  into  consideration  and  allowing  a 
margin  for  test  purposes,  the  system  capacity  was  set  at  7500  SCFM 
at  9  psig  with  a  prime  mover  of  350  HP. 

Size  and  Spacing  of  Orifices 

The  air  flow  rate,  system  pressure,  and  the  size  and  spac¬ 
ing  of  the  orifices  are  all  interrelated.  To  solve  this  problem, 
two  computer  programs  are  available.  The  first  determines  the 
orifice  diameter  for  a  given  flow  rate,  and  the  second  calculates 
the  flow  rate  for  a  manifold  with  given  orifice  diameters. 

The  programs  are  written  utilizing  three  fundamental  equa¬ 
tions.  The  flow  through  an  orifice  is  calculated  using  the  follow¬ 
ing  relationship: 


The  pressure  at  any  point  in  the  manifold  is  a  function  of 
friction  losses  and  head  gain  due  to  reduced  velocities  in  the 
manifold  between  orifices  (References  2  and  3).  The  equation  for 
friction  loss  is: 

A p  friction  =  f  (2) 

2d 
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and  the  equation  for  the  head  increase  due  to  deceleration  is: 


AP  deceleration  =  Vi2 


Q  i 


-  {1  +  K)  X 


(3) 


Starting  at  the  dead  end  of  the  manifold  and  working  towards 
the  supply  end,  the  flow  at  each  orifice  is  calculated  knowing  the 
pressure  in  the  manifold  at  that  orifice  and  the  hydrostatic  pressure 
outside  the  manifold  at  that  orifice.  Summing  the  flows  from  each 
orifice  gives  the  total  flow, and  the  pressure  at  the  last  orifice  is 
the  supply  pressure. 


Initial  investigations  for  this  design  considered  orifice 
spacing  of  1,  2,  6,  and  10  feet.  The  spacing  on  the  SUNDEW  was 
12,  14-1/2,  and  16  inches,  depending  on  the  manifold  location.  The 
spacing  on  the  LEON  FRASER  was  every  2  feet,  and  this  spacing  resulted 
in  a  very  uniform  distribution.  Greater  spacing  on  the  WYTM  was  con¬ 
sidered  to  reduce  the  number  of  orifices.  Calculations  for  spacing 
of  4-1/2  feet  and  6  feet  were  performed  in  the  final  design  stages. 

The  results  of  these  calculations  are  in  Appendix  B.  Orifice  spacing 
of  6  feet  was  the  final  selection  for  the  WYTM. 

The  manifold  pressure  is  a  function  of  the  total  orifice 
area.  Small  orifices  with  higher  manifold  pressures  result  in  a 
very  uniform  flow  distribution  which  is  not  very  sensitive  to  changes 
in  pressure;  however,  this  requires  more  horsepower  to  achieve  a 
given  flow  rate.  In  this  design  for  the  WYTM  a  large,  total  orifice 
area  was  utilized  to  keep  the  compressor  power  requirements  within 
limits. 


Piping  System  Design 

For  analysis  of  the  pressure  drop  in  the  air  piping  system, 
the  system  was  divided  into  the  six  sections  listed  in  Table  IV  and 
indicated  in  Figure  1.  Air  flow  calculations  were  performed  for  each 
mode  of  operation  with  the  results  tabulated  in  Tables  V,  VI,  and 
VII.  An  absolute  roughness  of  .005  feet  for  galvanized  pipe  was  used 
in  all  of  the  calculations. 


TABLE  IV 


AIR  PIPING  SYSTEM  DESCRIPTION 


Section 

No. 

Description 

I.D. 

(inches ) 

Length 

(feet) 

Fittinqs 

L^D 

1 

12"  SCH  40 

12.00 

16 

TFF  (branch) 

60 

ELL  (LR) 

20 

2 

10"  SCH  40 

10.02 

30 

TEE  (branch) 

60 

ELL  (LR) 

20 

3 

8"  SCH  40 

7.981 

30 

TEE  (run) 

20 

ELL  (LR) 

20 

ELL  (LR) 

20 

4 

8"  SCH  80 

7.625 

15 

45°  ELL 

16 

45°  ELL 

16 

Butterfly 

20 

Valve 

5 

8"  SCH  40 

7.981 

2 

TEE  (branch) 

60 

ELL  (LR) 

6 

8"  SCH  80 

7.625 

16 

45°  ELL 

16 

45°  ELL 

16 

Butterfly 

20 

Valve 

17 


Wy'. 


5'  *+*.+•*  LwXa.  i. 


TABLE  V 


PRESSURE  DROP  IN  PIPING  FOR  MODE  1  OPERATION 


Section 

No. 

Air  Flow 
(SCFM) 

Air  Temp. 

(°F) 

Pressure 

(psig) 

A P 

_ (psig) 

1 

7500 

180 

6 

CO 

<NJ 

• 

2 

3750 

180 

6 

.18 

3 

1700 

180 

6 

.10 

4 

1700 

120 

6 

.08 

5 

2050 

180 

6 

.10 

6 

2050 

120 

6 

.11 

PRESSURE  DROP 

TABLE  VI 

IN  PIPING  FOR  MODE 

2  OPERATION 

Section 

No. 

Air  Flow 
(SCFM) 

Air  Temp. 

(°F) 

Pressure 

(psig) 

AP 

(psig) 

1 

7500 

180 

S 

.26 

2 

3750 

180 

9 

.18 

3 

3750 

180 

9 

.41 

4 

3750 

120 

8 

.34 
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TABLE  VII 


PRESSURE  DROP  IN  PIPING  FOR  MODE  3  AND  4  OPERATION 


Section 

No. 

Air  Flow 
(SCFM) 

Air  Temp. 

(°F) 

Pressure 
...  (psig) 

A P 

(psiq) 

1 

6750 

180 

9 

.21 

2 

6750 

180 

9 

.56 

3 

3550 

180 

9 

.37 

4 

3550 

120 

9 

.30 

5 

3200 

180 

9 

.21 

6 

3200 

120 

8 

.25 
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Alternate  Forward  Manifolds, 

Port  and  Starboard,  4-1/2-Foot  Spacing 

A-3 

Table  A-2 
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Figure  A-2 
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teristic 
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TABLE  A-l . 


ALTERNATE  FORWARD  MANIFOLDS,  PORT  AND  STARBOARD 
4-1/2-FOOT  ORIFICE  SPACING 


Ori f  ■ i  ce 

No. 

Location 
(Frame  No.) 

Diameter 

(inches) 

1 

10  -  11 

1.750 

2 

13  -  14 

1.750 

3 

16  -  17 

1.750 

4 

19  -  20 

1.875 

5 

22  -  23 

1.875 

6 

25  -  28 

1.875 

7 

SUPPLY  AT  AFT 

28  -  29 

END  OF  MANIFOLD. 

TABLE  A-2. 

1.875 

ALTERNATE 

AFT  MANIFOLDS,  PORT  AND 

STARBOARD 

4 

-1/2-FOOT  ORIFICE  SPACING 

Orifice 

Location 

Diameter 

No. 

(Frame  No.) 

(inches) 

1 

32  -  33 

1.315 

2 

35  -  36 

1.438 

3 

38  -  39 

1 .438 

4 

41  -  42 

1.438 

5 

44  -  45 

1.438 

6 

47  -  48 

1.438 

7 

50  -  51 

1.438 

8 

53  -  54 

1.438 

9 

56  -  57 

1 .438 

10 

SUPPLY  BETWEEN 

59  -  60 

ORIFICES  NO.  5  AND  6. 

A-3 

1.315 

i-riLv'fc*ui  to •  wO  1  i*  i  iJ y£»u 


4 


6  7  S  9  /O  ff 

Afan/Aofc/  Plnrstdre  faf/y) 


/2 


T/(7(//?T  A-2 

Al  r£7?MAr£r  A  AT  MAA/7AVIT>  A 7 A  AZOiV  C/VA/7ACr£7/?/£T/C 


APPENDIX  B 


Page  No. 


Table  B-l  Forward  Manifold,  B-2 

6-Foot  Orifice  Spacing 

Table  B-2  Aft  Manifold,  B-8 

6-Foot  Orifice  Spacing,  Orifices  No.  1  -  4 

Table  B-3  Aft  Manifold,  B-14 

6-Foot  Orifice  Spacing,  Orifices  No.  5-8 

Table  B-4  Alternate  Forward  Manifold,  B-20 

4-1/2-Foot  Orifice  Spacing 

Table  B-5  Alternate  Aft  Manifold,  B-26 

4-1/2-Foot  Orifice  Spacing,  Orifices 
No.  1  -  5 

Table  B-6  Alternate  Aft  Manifold,  B-32 

4-1/2-Foot  Orifice  Spacing,  Orifices 
No.  6  -  10 


B-l 


TA£L£  £-  /  (conf/nue-ct) 


TCITh 


IT.1  •■£<  v  i 


UJ  UJ  UJ  UJ 
OJ  .  *  ‘  ~  - 
•■£<  Cu  CO  ^ 

U  .*  r-t  1.  lj 


U"|  O  O  rf 

th  ij.  ijj  r  - 

OJ  *-4  +-4  i~* 


I  •  I 

y~  r  -  r  •-  r  -  «x« 

;  LL  ’t  -r  Tf  ^ 

i  o  _i  07  o’*  !*'*■ 


07  '  'L* 

— -  ro  X'  "t 

rr*  o  -r-*  oj 


N 

▼-H  1/V 

tj-  t  r  i  oj 
«vi  i  m  r*i  07 

kj 

a.  ll 

'£i  •■£• 

s 

_j 

'=•  IP  —  t 

>x 

d-  iTi  rt  0 

5 

O  I-.J  IT.  '£■ 

IL 

o  u 

...» 

T-J  tJ 

a  rr,  ▼-»  rj 

0.* 

•£.  u' 

U- 

•£>  f  -  0- 

07  LJ 

!■-  CO  Oj 

»*“•••  •  •  j 

.... 

•  t  U"!  U  u  .• 

rj-  X  *X‘  'X« 

07 

C'J  Tf  tf"' 

*-•  LL 

.... 

U- 

OJ  X>  0*  Oj 

*-l  l.lj  U  ! 

M  * 

Lt  CJ 

Lj  Z. 

^  Oj  07  X 

tf.'  *1'  ‘X’  *1‘ 


UJ  U)  UJ  UJ 
0  •  -.£•  *-“*  1  0 
r-  oj  o- 
•X'  OJ  OJ 


'.0  IT*  '  V  ~ 

o  co  r - 1  ■ 

OJ  *-«  «  *- 


27  H  CO  0<  •  CO 

IX  U  *XJ  -X'  o 

M  CO  OJ 

ll  r.‘  ■” 

*-«  -J  .  .  .  - 

»X  •'/*  ■='  •-* 


— *  07  •  £’  4 
•:o  oj 

07  *?  TX  X 


L7  07  X*  0J 
t— *  Tf  0’<  OJ  ’*** 

t-»  i>.i  O'*  CO  07  07 

U.  LL  ■  *  r  • 

n  r-- 1  -  r  -- 


-j  1 1  • 1  r' 

g.  *=’  07  o:» 

f*"i  L>.  >ZZ‘  f~(  t-4 

G-  L7  .... 


Oj  Oj  ’t 

i>  i  a.  rt  If.* 

U-  UO  CO  O  O'* 

r*7  G«  f-  U*  ’I  *\‘ 

UO  'X*  i‘  '  L‘ 


OJ  07  '7  If* 
C-v  *-«  Oj  'X* 

H  X  .... 

>  Ll  xt  c-  X 

*-<  07 ’t  *X‘ 


•r*  Oj  07  ’t 


p  1  F'3  HIP  HEN  F  FACT  FEY  HO 


hJP  FLfi!  i 


k\ 

< 

I 

§ 

$ 

| 

$ 

k. 

I 

§ 

b 

"\n 

Y 

or 

i 

I 

C\ 

Cj 

§ 

•5 


r- 


LU 
».-  • 
iL  I 
t— 

</:■  li. 

IjU  .  \- 
LU  <•■..  Ll 
0.  IX'  \ 

i '  i  *  i  ►— i 


K 

1—  C'  21  t— 

IL'  -J 

U- 

Ll  iX*  *— •  Ll 

n  LL 

U0 

4 — * 

if- 

LL*  1 

’i-  •*'  ' 

1 - ’ 

•_ .» 

.  ■  i  •  •  ■ 

_. 

tf‘ 

*L' 

r--  co  ■=• 

Oj  O.i  ’-J- 

*.“•  rj 

Li 

U".«  *1 

o 

co  r  -  L-  '  ■- 

•=•  N 

c‘  “ 

.  J 

i.L 

0~\ 

0*1 

if' 

a. 

i  |j 

C 

LiJ 

—i 

• 

a 

u 

a 

IT' 

K 

►—< 

n 

... 

u. 

z. 

C 

K-4 

x.  L 

<■-  0..  L'O  '  -  O' 

■*  - 

1 — 1 

i  .j 

LL 

l- 

K-  UJ 

z. 

l.-l 

►— * 

l_i 

'X 

ll-  i-L 

'Vi  «T  (T  iT.  T. 

a 

Ll* 

UJ 

UJ 

o 

» — i 

LL 

LL 

III  LL 

L 

l__l 

l_' 

►-4 

.  J 

iL 

Cl  - 

►-* 

►“< 

r-«  >S 

u. 

:l  X' 

LL 

LL  L  - 

lL 

IL. 

u_ 

Ll  jL 

Ll. 

h-  'X 

LL 

ll  a 

u 

►-4 

1 — 1 

*— * 

1  Li 

‘i  a 

h- 

~  '  - 

UL 

LL 

L». 

u  »..■ 

Li 

*1.  L'..  *-> 

lii 

* —  t~ 

hj  ■  • 

u“  v 

z. 

rj 

c 

:.j  'X 

i 

L-  j  u  > 

i 

if  n  [* 

►-  1.' : 

□ 

U 

_  a  ;i 

c>  >x 

LL  ■,  1  Ci 

UJ  X 

O'1  1  -J  ^  -J 

►-4 

C 

1 — 

LL  »■■•* 

LiJ 

i.-.t 

*— «  i — t 

LL  C 

V  ■ 

H- 

Ui 

i  T 

LJ 

W  L<  H  '  • 

C  C 

IL  •  t*- 

■X  X. 

'I 

» — 1 

111 

i.t 

i  _•  .  :  IL 

X 

>-  1  *  *.L 

»  —  1 — • 

Ll 

Ll 

•I 

li  c,  v 

Li-  X 

Ll 

L  4  - 

_ 1 

.J 

L'J  ♦— 

;]. 

U  L'.  U  J. 

i - 

l-  *. 

1 _ 1 

<_■ 

LL 

C  Ll 

im '» 

_ _ _  k..(  If. 

a 

. 

1 

.J 

Cl 

I_.  »— • 

i* ) 

Cl  C_  j’-  ..  ’ 

Llj  IL 

IL  iL  ill 

»-*  m 

— <  oj  co  *t  ui 

I  . 

'T. 

a. 

—  •  IL 

*-■ » 

'I  X  '1  Li 

LL  Ui 

*-*  ►-  L‘ 

\SJ 

x  a 

EL  E.  IC  u 

X  X  Ll 

Ll  X 

y 

n 

B-26 

ii 

0 

y  i* 

*- 

f 

i 

-  -;r  t 

LV.w 

v.. 

•  -  i 

N 

♦ 

- 

—  -« 

r 

* 

_ 

TABL£  £?-£  (cor>t/nu<ec/ ) 


TABLE  B~S~  (conf/nuec/) 


- -  i  IUIIH9R9 

1* 


If'  '■£' 

‘X 

■•X 

•x 

u*. 

0 

U 

. 

. 

a 

LU  LU  LU  LU  LU 

Cl 

LU  LU  UJ  UJ  LU 

r-  ■=■ 

If 

o 

-t 

T 

U' 

r-- 

>0 

‘L' 

ijj  ijj 

r- 

r-- 

••X 

o 

C1 

7.- 

*3— 

iTl  T“1 

Oj 

CO 

Tt 

’>• 

«?• 

C'*i 

"t 

u'j 

LU 

*  • 

• 

• 

• 

LU 

• 

• 

• 

• 

U1 

'  w 

Cl 

1 

H- 

rH  >_ _• 

oj  r  - 

7t 

»- 

lY' 

Cfi 

c, 

'■X 

co 

1  1 

o  co 

r-- 

•X 

■X1 

r  i 

0* 

r- 

r-- 

*x 

L‘ 

5 

0J 

«  i 

H 

T-J 

'X 

T— » 

•*— * 

V“< 

1-4 

Ll 

u. 

co 

j  j 

° 

Ll 

Ll 

co 

• 

• 

/ 

1— 

>  OJ 

OJ  OJ 

T~4 

X  1— 

1.1’. 

‘J-1 

‘±‘ 

•±' 

LU  U- 

T-l  — H 

T“* 

T—4 

LU  Ll 

CU 

*  *J 

C'J 

oj 

OJ 

in 

\t  -r 

Tj- 

-t 

’J 

M 

•t 

’I- 

ri 

*— 1  ’ 

*— * 

1 

LL 

i 

'  1 — 1 

•— * 

1 - ‘ 

LL  _J 

1 

1 

1 

■— 1 

»r 

Zi 

iA 

o  o 

o 

o 

o 

w  _J 
il  Oj 

o 

O 

•-1 

\X 

•X 

co 

•X 

'X 

co 

'■£■ 

►— < 

r  -  oj 

•Z1 

*— H 

r- 

IJJ 

co 

•7!' 

r-  O' 

t-L 

OJ  OJ 

CO  o  j 

r- 

0 

l'lj 

OJ 

LL 

LL 

•  ■ 

■ 

• 

• 

LL  LL 

• 

• 

• 

• 

• 

V 

co  co 

T  rj-  rf 

i.‘.i 

M.l 

’t 

T*- 

^  ■ 

Tt 

U  '  Oj 

u- 

1 _ 1 

u 

■J.' 

C  ' 

1  1  1 

►-H 

-t  CO 

t — < 

»7, 

t- 

i_  • 

K-H 

’I" 

Co 

J 

ijj 

ll' 

v~i 

I  .*  l 

i  •  j  t  *  i 

1 0 

OJ 

OJ 

f  j 

i/i 

Ijj 

0j 

Oj 

Cl 

LL 

•  • 

• 

■ 

■ 

a.  a 

• 

• 

■ 

• 

« 

C-  C 

l“l 

C3 

•z* 

vH 

*r— 4 

■*“» 

i — i 

tH  ■»— < 

■*— 4 

vH 

*-< 

»-< 

’r“‘ 

i — i 

1~.  .“• 

f*j 

• 

_  > 

■X' 

OJ  L"i 

co 

C-  r t 

O 

«T. 

Oj 

If* 

'X 

'■i.1 

t 

f  •- 

T 

•-  r  - 

X' 

7J 

•X 

lil 

p- 

•X 

ll-' 

r* . 

U- 

y — 4 

T - * 

rH 

M  i 

o.'  a 

! 

— 4 

i~« 

a 

■  • 

• 

• 

• 

O.i 

O  Cl 

■ 

• 

• 

• 

• 

Z. 

»~i  *--4 

r-1 

r—t 

T~« 

•  -* 

T-l 

_ 

^  u r.« 

I'O 

OJ 

'■'J 

li‘ 

C’*i 

|V* 

'■X 

;V 

CO 

r- 

<7. 

’T 

rt 

<•••> 

u~ 

i7. 

L'"' 

▼4- 

u_ 

c  nj 

OJ  IT  * 

Ll 

t- 

Cm 

u'  * 

CO 

o 

Oj 

T— < 

• 

, 

CO  i _ i 

O  •  ••*) 

'X 

0  • 

l.lj 

• 

f  •-  CO 

1  1  1 

1 1  • 

1  1  < 

t  • . 

1 1  ■ 

1  1  . 

Cl 

.j 

0*1  •“ 

r- 

■Z* 

co 

U. 

Cm 

co 

■1 

iy't 

■» — «  iT  i 

rr  ft, 

Oj 

0. 

‘0 

Oj 

‘L- 

*“4 

LL 

■  ■ 

• 

• 

• 

LL 

^  a 

• 

• 

■ 

• 

u_ 

ir>  '\i 

o 

r- 

If 

:>  u_ 

u*.» 

’I 

j'  i 

c. 

■»-H  co 

If.' 

■X 

ijj 

'X 

I.'"1 

if 

i- 

O' 

'X 

M 

• 

•X1 

if 

H 

H- 1  • 

« » J 

0 1 

-t 

U‘- 

LL 

n 

c; 

it  rj 

a 

h- 

c.  X 

B-30 


TDTPL  PIP  FLC:.:  25?7.  13  ZCFM 


■x  h-  m 

i“j  «_• 

it.  z 

U.  LL 

LL.  I  1  »- 

'X  h-4  LL 
Cj 

iZ-i  ’-i 

— i  ,J  Ll. 

u  u 

li.  LL 

*—<  »■*'  uj 


LU  □  D 

I I  I — , 

J-  V-  I- 

•r  x  a 


if.1  If'  O  '/•  u 


P  IJJ  Ul  Uj  U  i  Uj 

z  uj ’X  —  t 

0  ■  '  X'  U  '  •<  HJ 

>  ’ 4  O';  ■  i  ■  I  - 


UJ  U- 

Pi  \  CO  i  i 


I'J  "J  i'lj  j.'  I'll 


b'i  If  uj  If'  I/1 


'j  Ul  'l'  i.j.1 

i  tj  T-I  n. 

1.1 .  —i  OJ  fij  mJ 

O';  1-  ’j  -f  r} 


•  i-T,  it.  rr-  ijj 


t  Tf  rj  rr  rf 


CO  rt  -r-1  !'■■■ 
O  I'l'i  -r  CM  iT, 
CM  f  -  t  -  tfi 
'J  ■  i'i  l'  If' 


-r  r-  '1'  >:o 

'  '  U"  '?  v'j  »''  **'.i 

u_  ,r.  ,7. 

'J  '  V  T.I  C'  CO 


.....  Cm  *vi  0;  rij  u' 

b';  r--  r  -  co  co 


C--  U.  rj-  iY,  rf  (■- 


rr  CM  O'  "t  If 


UJ  Ijj  u  '  u  i.i.' 
or  co  •  •  •»  ■/. 

■  I  r  -'  r,  ... 


"|  M, 

►—*  rj-  w-a  rf  *+  iT. 

C'j  l-v  O'  r'  I'U  fij  ■  'J 

Cj.  Cl  . 

O'1  't  *t  T  r) 


a  i  -  "t  o  mo 

co  co  co  r  - 


If'  U'-  J'1  If'  L 


■  P'  o’  I's  If' 
CO  U'l  If'  '0 


'll'  C  rf  '.ft 

I.I  rf  ,-f.  J.  -,|  j'  . 

U..  -t  O'  C'J  r.  r* 

I'l  I  S  if.  *1  • 


...  OJ  o  o  CO  O’* 

•  i  it i.o  »';j  :/:■  i . 


>  II  N  ’•£»  U“'  ,v  *-» 
*-•  Cm  Cr*  ’t 


—  «‘*J  0/  u~ 


B— 34 


TABl£  B-6  (conf/nued ) 


